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Background: Alterations of the normal redox balance might be attributed to increase of plasma free-radical
concentration and a disruption of the antioxidant defense system. One of the adverse effects of general
anaesthetics is the exogen sources of reactive oxygen radicals that are responsible for several diseases. The
purposes of the current study were to evaluate the effect of propofol on oxidative stress and to compare the
differences between propofol induction only and induction plus continuous infusion on antioxidant status in dogs.
Findings: Beagle dogs were evaluated in the present study. The dogs were assigned randomly to receive three
treatments in a crossover model. The three treatments were: group 1 (n = 9), 2% isoflurane; group 2 (n = 9),
anaesthesia induced with an intravenous (IV) bolus dose of 6 mg/kg propofol and maintained with 1.5–2%
isoflurane; group 3 (n = 9), total IV anaesthesia (induction with 6 mg/kg propofol, infusion with 0.6 mg/kg/min
propofol). The results of this study show that dogs exposed to isoflurane had decreased antioxidant enzymes
activities, whereas dogs injected with propofol had increased antioxidant enzymes activities.
Conclusions: The results of this study showed that an infusion dose of propofol has antioxidant effects in dogs.
These effects may be beneficial to patients in whom free radicals play a role in oxidative stress, such as those with
ischemia. Further studies are needed to evaluate whether these antioxidant effects of the anaesthetic are of clinical
value.
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Oxidative stress is as an imbalance between the produc-
tion of free radicals or reactive oxygen species (ROS)
and antioxidant defense and is a major factor for post-
operative morbidity and mortality [1]. Although various
factors are implicated, the type and the duration of
anaesthesia can alter the antioxidant defense system that
influences oxidative stress. Certain anaesthetics have
been attracting attention as a way to protect against the
pathological states associated with oxidative stress [2].
Propofol (2, 6-diisopropylphenol) is an anaesthetic drug
that has been widely-used intravenously in veterinary
clinics. Propofol is chemically similar to the endogenous
antioxidant α-tocopherol (vitamin E) and, theoretically,* Correspondence: mckim@cnu.ac.kr
Department of Veterinary Surgery, College of Veterinary Medicine, Research
Institute of Veterinary Medicine, Chungnam National University, Daejeon
305-764, Korea
© 2012 Lee and Kim; licensee BioMed Central
Commons Attribution License (http://creativec
reproduction in any medium, provided the orshould have similar properties [3]. However, the oxidant
and antioxidant status of propofol in dogs has not been
fully evaluated. The purposes of the current study were
to evaluate the effect of propofol on oxidative stress and
to evaluate the dose response of propofol on antioxidant
status in dogs.
Nine beagle dogs (age, 2–3 years; weight, 9–12 kg; four
males and five females) were used. The experimental
and housing protocols were approved by the CNU
Animal Care and Use Committee (approval no. 2010-3-15).
The dogs were assigned randomly to receive three treat-
ments in a cross-over model. A wash-out period of at least
1 month was allowed between treatments. The three treat-
ments were: group 1 (n = 9), 2% isoflurane; group 2 (n = 9),
anaesthesia induced with an intravenous (IV) bolus dose of
6 mg/kg propofol, maintained with 1.5–2% isoflurane;
group 3 (n = 9), total IV anaesthesia (induction with 6 mg/
kg propofol and infusion with 0.6 mg/kg/min propofol).Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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saturation of peripheral oxygen were monitored continu-
ously using a Pulscan-Component physiological monitor
(Scionic, Seoul, Korea). After 60 min, the anaesthetics were
discontinued and animals were allowed to recover.
Blood samples were collected via venipuncture from the
jugular vein at each designated time (T1, before anaesthe-
sia; T2, end of anaesthesia; T3, 24 h after anaesthesia) to
assess oxidative stress status. Heparinized blood was
obtained on the day of the experiment. After separating the
erythrocytes from the plasma and the buffy coat by centri-
fugation for 5 min at 4000 rpm, the erythrocytes were lysed
in four times their volume in ice-cold HPLC-grade water.
This sample was centrifuged at 10,000 × g for 15 min at 4°C
and the supernatant was immediately collected and stored
at -80°C until measurement. Superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPx) concen-
trations were measured with a commercial kit (Cayman
Chemical Company, Ann Arbor, MI, USA) using a spectro-
photometer (Bio-Tek Instruments, Winooski, VT, USA).
All statistical analyses were performed using SPSS
version 18.0 (Chicago, IL, USA). Results are expressed
as mean ± SD. A Mann–Whitney U-test was applied
with a p-value < 0.05 being considered significant.
All dogs were hemodynamically stable throughout the
experiment. There was not any complication or technical
problem related to the anaesthesia. In addition, all dogsTable 1 Heart rate (HR), mean arterial pressure (MAP), rectal
peripheral oxygen (SpO2) and end-tidal CO2 (ETCO2) in dogs
Parameter Group Pre 15 min
HR (breath/min) Group 1 109 ± 14 99 ± 1
Group 2 119 ± 21 116 ± 2
Group 3 99 ± 11 120 ± 1
MAP (mmHg) Group 1 85 ± 9 84 ± 5
Group 2 83 ± 11 86 ± 6
Group 3 78 ± 16 83 ± 7
RT (°C) Group 1 38.5 ± 0.4 38.3 ± 0
Group 2 38.8 ± 0.6 38.2 ± 0
Group 3 39.2 ± 1.1 39.0 ± 1
RR (breath/min) Group 1 27 ± 14 15 ± 1
Group 2 28 ± 11 25 ± 1
Group 3 30 ± 6 25 ± 1
ETCO2 (mmHg) Group 1 44.3 ± 10.14 47.3 ± 9
Group 2 48.5 ± 15.36 54.2 ± 1
Group 3 51.1 ± 11.24 51.3 ± 9
SpO2 (%) Group 1 99 ± 1 100 ± 0
Group 2 99 ± 1 100 ± 0
Group 3 99 ± 1 100 ± 0
Data are expressed as the mean ± SD (n = 9).
Variables were measured before induction of anaesthesia (pre) and at 15, 30, 45, anwere similar pattern in depth of anaesthesia and there were
no significant worsening in heart rate, mean arterial pres-
sure, rectal temperature, end-tidal carbon dioxide, periph-
eral oxygen saturation, and respiratory rates (Table 1). The
SOD, CAT, and GPx data are summarized in Figure 1.
SOD activity decreased significantly from baseline to T2
in groups 1 (p = 0.015) and 2 (p = 0.018). CAT activity
decreased significantly from baseline to T2 (p = 0.028) and
T3 (0.023) in group 1 and T2 (p = 0.026) and T3 (0.02) in
group 2, whereas that of group 3 increased significantly
from baseline to T2 (p = 0.018) and T3 (0.015). Significant
differences were observed in CATactivities between groups
1 and 3 at T2 (p = 0.005) and T3 (0.008). Although no
significant changes in GPx activities were observed, GPx
activity tended to increase with time in group 3, whereas it
tended to decrease in groups 1 and 2.
The main enzymes that control the biological effects of
ROS are SOD, CAT and GPx. SOD catalyses dismutation
of the superoxide anion into H2O2; CAT detoxifies H2O2;
GPx oxidizes reduced glutathione, inactivates H2O2, and
reduces organic peroxides to their alcohols [4]. These anti-
oxidant enzymes respond to increased oxidative stress and
act as ROS scavengers. Therefore, measuring antioxidant
enzymes activities reflects the antioxidative status of the
antioxidant defense system.
In this study, the results show that dogs exposed to
isoflurane had decreased SOD, CAT and GPx activitiestemperature (RT), respiratory rate (RR), saturation of
30 min 45 min 60 min
6 93 ± 15 96 ± 15 91 ± 16
0 109 ± 11 110 ± 18 101 ± 12
8 108 ± 16 91 ± 18 96 ± 15
85 ± 10 74 ± 12 81 ± 8
87 ± 12 81 ± 11 82 ± 9
83 ± 14 80 ± 16 80 ± 15
.2 38.0 ± 0.4 37.5 ± 0.2 37.2 ± 0.2
.4 38.0 ± 0.4 37.6 ± 0.2 37.2 ± 0.2
.0 38.7 ± 0.8 38.2 ± 0.8 37.9 ± 1.0
1 11 ± 9 15 ± 7 13 ± 6
3 14 ± 8 15 ± 5 12 ± 10
0 11 ± 7 10 ± 6 11 ± 4
.11 48.5 ± 11.17 55.7 ± 11.86 51.7 ± 13.68
1.23 51.6 ± 11.03 49.9 ± 9.01 48.6 ± 8.74
.81 50.5 ± 9.16 54.7 ± 10.96 51.1 ± 14.18
100 ± 0 99 ± 1 100 ± 0
99 ± 1 100 ± 0 100 ± 0
100 ± 0 100 ± 0 99 ± 1




Figure 1 Superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) data in erythrocytes from dogs under
anaesthesia. Data are expressed as the mean ± SD (n = 9). Group 1, 2% isoflurane; group 2, anaesthesia induced with an intravenous (IV) bolus
dose of 6 mg/kg propofol, maintained with 1.5–2% isoflurane; group 3, total IV anaesthesia (induction with 6 mg/kg propofol and infusion with
0.6 mg/kg/min propofol). * Significantly different (P < 0.05) from T1.
R
Significantly different (p < 0.05) from Group 1. T1; before anaesthesia, T2;
end of anaesthesia, T3; 24 h after anaesthesia.
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had increased SOD, CAT and GPx activities. These results
indicate that propofol is capable of increasing the antioxi-
dant capacity in dogs. The previous our study showed that
propofol has some benefit on overall oxidative stress status
in dogs undergoing surgery [5].
The oxidative stress was multifactorial in origin; the main
impacts were from the effects of the anaesthetic and from
hemodynamic changes due to general anaesthesia. One of
the factors that might be responsible for oxidative stress
associated with isoflurane anaesthesia is increased proin-
flammatory cytokine expression in alveolar macrophages,
which occurs after inhalation of volatile anaesthetics [6].
De La Cruz et al. (1999) found a similar antioxidant
effect of propofol between 1-hour infusion and an initial
bolus dose in humans [7]. However, in our study, the ability
of propofol to reduce oxidative stress was documented,
particularly in the propofol total IV group. Anaesthesia
induced with an IV bolus dose of 6 mg/kg propofol showed
no antioxidant ability, similar to the isoflurane group. In
comparison the maximum increases rate in SOD, catalase
and GPx activities, were 40%, 55.4%, and 14.8% respectively,
between the isoflurane and propofol total IV groups. Poor
recovery from anaesthesia is associated with increased
oxidative stress. Moreover, it could be a main factor in
postoperative mortality. Therefore, using drugs that have
antioxidant or antiinflammatory properties might be useful
to reduce oxidative injury.
In conclusion, the result showed that an infusion dose
of propofol has antioxidant effects in dogs. These effects
may be beneficial to patients in whom free radicals play
a role in oxidative stress, such as those with ischemia.
Further studies are needed to evaluate whether these
antioxidant effects of the anaesthetic are of clinical
value.
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